ABSTRACT
INTRODUCTION
The palm oil industry is one of the major agro-industries in Malaysia. Palm oil mill effluent (POME) is a waste produced from palm oil industry and it is compulsory to treat the waste before being released into the environment. Hassan et al. (2016) reported that POME is considered as non-toxic waste, but it is identified as one of the major contributors that deplete the dissolved oxygen once untreated POME is discharged into the water bodies.
Several innovative treatment technologies have been developed and applied to treat POME. Biological treatment requires large treatment area with long treatment period to break down the organic matter content in wastewater. This treatment also needs proper maintenance and monitoring as being reported by Ahmad et al. (2013) . Besides, chemical residues and total suspended solids (TSS) are still present after the physical and chemical treatment processes (Bala et al. 2014) .
Membrane technology is one of the potential solutions for the treatment of POME since the current conventional treatment system shows the lack of efficiency. The advantages for membrane separation are low energy consumption, room temperature operation and less chemical usage (Rambabu & Velu 2016) . Membrane technology has been widely applied in water and wastewater treatment for complete separation of particulate matters and microbial pathogens of larger size than the pore size of the membrane (Sadr & Saroj 2015) . However, the POME treatment with membrane technology has been restricted by its high cost of installation. Conducting a pretreatment process to lower the amount of waste that can cause damage and fouling before applying ultrafiltration membrane separation can reduce the cost. Similar findings have been reported by Azmi and Yunos (2014) . A study by Ghaee et al. (2015) reported that membrane technology is an attractive method to treat the effluents from industries because it is effective and capable to meet the standard set by Department of Environmental (DOE).
Membrane can be made from rubbery materials such as natural rubber as they are non-porous. The addition of organic filler during membrane-making process will help in creating and enhancing the pores. Samad et al. (2014) reported the similar observations for other fillers. ENR is a hydrophilic elastomer with high shearing and flexibility while PVC is a thermoplastic with good mechanical strength and excellent chemical properties (Jon et al. 2013) . Tanjung et al. (2015) stated that the blending of and PVC could produce a miscible blend due to the formation of hydrogen bonds between chlorine groups of PVC and epoxy groups of ENR. Compared to other fillers, MCC has been commonly used as reinforcement for polymers blending due to the advantages of biodegradable, renewable, low density, low cost and good mechanical properties (Zhang et al. 2016) .
In this study, the porous and flexible ENR/PVC/MCC composite membranes were prepared with various loadings of MCC at 0, 5, 10 and 15 w/w%. The effects of MCC loadings were studied to measure the physical properties of the membrane. It is demonstrated that ENR/PVC/10% MCC membrane could act as a promising membrane material to treat wastewater especially POME.
MATERIALS AND METHODS

MATERIALS
Epoxidised natural rubber with 50% epoxidation level, ENR-50 (Mw = 640 000 g/mol) was obtained from Rubber Research Institute of Malaysia (RRIM). Polyvinyl chloride (PVC) (Mw = 97 000 g/mol) and microcrystalline cellulose powder (MCC) were purchased from Sigma Aldrich. Tetrahydrofuran (THF) (Mw = 72.11 g/mol) with 99.8% purity was supplied by Systerm.
PREPARATION OF COMPOSITE MEMBRANE
The ENR/PVC 60:40 (w/w%) matrix was prepared using solution blending technique based on the work by Nor and Othaman (2015) with modification. ENR/PVC matrix was dissolved in THF at the ratio of 1:8 w/v for 24 h. ENR was swelled in THF and stirred vigorously until a homogenous solution was obtained. Then, PVC powder was added and stirred continuously until a homogenous solution was obtained. For the preparation of ENR/PVC/MCC membrane, various loadings of microcrystalline cellulose powder, 250-125 μm (0, 5, 10 and 15 w/w%) were added into the ENR/PVC solution and stirred continuously to ensure that the added MCC was finely dispersed. The membrane solution was then degassed for 0.5 h to release air bubbles. Next, the solution was poured onto the glass plate and casted using a casting knife with adjusted thickness of 0.35 mm. After 2 min, the casted membrane was immersed in a coagulation bath (distilled water) for solvent exchange until white solid membrane appeared. Lastly, the membrane was peeled off from the glass plate and dried at ambient temperature.
CHARACTERIZATION OF COMPOSITE MEMBRANE FTIR STUDY
The functional groups of the membranes were determined using FTIR Perkin-Elmer spectrometer model (Spectrum GX) in a range of wavenumber from 400-4000 cm -1 . For thin film samples, the membranes was cut and placed on the sample holder. Then, the obtained data was interpreted to determine the functional group present in the membrane sample.
MORPHOLOGY
The surface morphology and cross section of the membranes were examined using ZEISS scanning electron microscope SUPRA 55VP model. The membranes were immersed in liquid nitrogen before being fractured and then sputter coated with gold to provide conductivity to the membranes. The average pore size of 150 pores on the membrane surface and the thickness of the membranes were measured using ImageJ software.
WATER ABSORPTION AND MEMBRANES POROSITY
The water absorption test was run according to Shamsuddin et al. (2013) . The membranes were soaked in distilled water for 24 h. Then, the excess water on the wet membrane surface (W w ) was removed using filter paper. These membranes were dried in a vacuum oven, at 60°C for 24 h and the dried membranes weight mass (W d ) was recorded. Equation (1) and (2) were used to calculate the percentage of water absorption and porosity of the membranes (Alomayri et al. 2014 ):
(1) (2) where W w and W d are the weight of the wet membrane and dry membrane (g), respectively. A is the surface area (mm) and h is the membrane thickness (mm).
FILTRATION PROCEDURE
Water flux was carried out to determine the quantity of water permeated through the membrane at certain pressure using stirred cell Sterlitech HP4750 model as shown in Figure 1 . The experiment was carried out in 250 mL capacity batch cell, with 43.36 mm area of membrane. The top end piece of the cell contained a feed and a gas inlet. Nitrogen gas (N 2 ) was used to pressurize the cell to operate pressures from 1 to 5 bar. For water flux, the magnetic bar was not being used during the filtration. The quantity of water permeated was recorded and measured by using (3) : (3) where Q is water quantity that permeate through the membrane (L); A is the surface area of the membrane (m 2 );
Δt is retention time (h); and P is pressure of N 2 gas (bar). The graphs of water flux versus pressure were plotted. POME TREATMENT The POME treatment was carried out using the same stirred cell as shown in Figure 1 . For stirred experiment, the magnetic bar was used during the filtration process. Then, the cell was stirred with magnetic stirrer at 500 rpm stirring speed during the filtration process. The quantity of treated POME was recorded and calculated using (3). The graph of POME flux versus time were plotted. Four parameter in terms of chemical oxygen demand (COD), biochemical oxygen demand (BOD), total suspended solid (TSS) and pH were analyzed for raw and treated POME.
BIOCHEMICAL OXYGEN DEMAND (BOD)
Biochemical oxygen demand was determined by measuring the amount of oxygen needed by microorganisms to decompose the organic matter contents present in the sample (Jouanneau et al. 2014) . It is commonly expressed in milligrams of oxygen consumed per liter of sample during 5 days (BOD 5 ) of incubation at 20°C. BOD was then determined by subtracting the fifth meter reading from the first reading. The sample was analyzed based on the APHA 2520 D standard method (JAS 2011) . The removal efficiency of BOD was calculated using (5) (Bala et al. 2014) : (5) where BOD 0 is the value of oxygen demand (mg/L) for raw POME meanwhile BOD 1 is the value of oxygen demand (mg/L) for treated POME using membrane.
TOTAL SUSPENDED SOLID (TSS)
The amount of suspended solid refers to the mass (mg) or concentration (mg/L) of inorganic and organic matter contents in wastewater (Shah et al. 2014 ). The trapped particles on the filter were determined. This test was performed according to APHA 2540 D standard method (JAS 2011). The removal efficiency of TSS was calculated using equation (6) (Bala et al. 2014 ): The equation for COD, BOD and TSS: (6) where TSS 0 is the total suspended solid (mg/L) contents in raw POME meanwhile TSS 1 is the total suspended solid (mg/L) contents in treated POME using membrane.
pH TEST
The pH for raw and treated POME was measured by pH meter. This test was performed according to APHA 4500-H + B standard method.
RESULTS AND DISCUSSION
ENR/PVC/MCC COMPOSITE MEMBRANE Figure 2 shows the appearance of composite membrane from epoxidized natural rubber (ENR), polyvinyl chloride (PVC) and microcrystalline cellulose (MCC) powder. It is a microfiltration. The membrane was transparent. The thickness during casting was 0.35 mm while the average thickness of dried membrane was around 0.02 ± 0.01 mm. The solvent evaporated from the membrane surface, resulting in the reduction of membrane thickness. COD was determined by measuring the amount of oxidizing agent (potassium dichromate) being used to oxidize the organic matter contents in the sample (Chong et al. 2013 )which involve scheduled sampling and chemical analysis can be expensive and time consuming. Therefore cheaper and faster alternatives to monitor wastewater characteristics are required as alternatives to conventional methods. This paper reviews existing conventional techniques and optical and fibre optic sensors to determine selected wastewater characteristics which are colour, Chemical Oxygen Demand (COD. COD was expressed in mg/L, which indicates the mass of oxygen consumed per liter of solution. The sample was analyzed based on the HACH, Method 8000 (JAS 2011). The removal efficiency of COD was calculated using (4) (Bala et al. 2014 (4) where COD 0 is the value of oxygen demand (mg/L) for raw POME meanwhile COD 1 is the value of oxygen demand (mg/L) for treated POME using membrane. FTIR ANALYSIS Figure 3 shows the FTIR spectra for ENR/PVC membrane with different MCC loadings (0, 5, 10 and 15 w/w%). FTIR results indicate that the increment of MCC increased the hydroxyl (-OH) stretching at the absorption peaks of 3480 cm -1 (Ramesh et al. 2017) . Apart from that, similar absorption peaks for all membranes were observed in the range of 2830 cm -1 , which corresponded to C-H stretching while the peak at 1450 cm -1 referred to C-H bending. The peak at 1650 cm -1 in all membranes spectrum showed the presence of olefinic unsaturation group in the rubber. The results were consistent with the ENR/PVC/silica membrane studied by Jon et al. (2013) . The absorption peaks at 1253, 1065 and 875 cm -1 were corresponded to C-O symmetric stretching due to the presence of epoxy group in the ENR (Samad et al. 2014 ). C-Cl group from PVC was assigned at 695 cm -1 absorption peak (Marbelia et al. 2016 ). There was no shifted peak because there is no chemical interaction between MCC and the membrane matrix.
MEMBRANE MORPHOLOGY
Pores formation for ENR/PVC membranes with different loadings were clearly seen from the surface morphology micrographs as observed in Figure 4 . ENR/PVC/0% MCC membrane has tiny pores on the surface and deformed pores on the cross section. The through pores started to develop after the addition of MCC. The formation of pores occurred due to several phenomena (Shamsuddin et al. 2013) . First, the pores are generated due to the phase inversion process during the membrane preparation. Some of the solvent evaporate from top surface of the spread polymer solution while remaining solvent will diffuse into the water. The solvent-water exchange occurred during the phase inversion process. Some of the fillers leached out from the membrane, leaving voids inside the composite due to high affinity of MCC towards water while other fillers remained in the composite (Demirel et al. 2017; Jon et al. 2013 ). Similar observations have been reported by Chen et al. (2010) . As the water evaporated during the drying process, water molecule left a gap between the matrixes. The pores might also be developed from the agglomeration of the filler. In this case, the MCC particles tend to agglomerate among each other. This situation led to the presence of spaces between MCC. The weak interaction of filler-filler produced cavities on the composite membrane that caused the pores formation (Shamsuddin et al. 2013) .
The micrograph in Figure 4 (b) shows the surface of the membrane filled with small pores after the addition of 5 w/w% MCC. The highly distributed and even pores can be observed from ENR/PVC/10% MCC membrane (Figure 4(c) ). From Figure 4 (d), it can be seen that the membrane surface is uneven which might be due to MCC agglomerations in the composite. The agglomeration of filler might also block the pores on the membrane surface (Ong et al. 2015) . The formation of large filler agglomeration resulted in uneven distribution of filler and subsequently resulting in large pores formed in the membrane. This occurred because of poor interaction between filler and rubber matrix (Viet et al. 2008 ). Klaysom et al. (2011) highlighted that the rubber-filler interactions are weakened with increasing filler loadings. Based on Figure 5 , the organic molecules and suspension in raw POME might be deposited on the membrane surface and inside the pores of the membrane, thus affecting the permeability rate of POME (Madaeni et al. 2013) . The average of pore size and the thickness measurement by cross section of the membrane are tabulated in Table  1 . The membrane pore size increased with higher MCC loadings, which was similar with the findings by Bai et al. (2015) using nanocrystalline cellulose. ENR/PVC/15% MCC membrane had the largest pore size due to high composition of MCC loadings being added into the ENR/PVC matrix. Meanwhile, ENR/PVC/5% MCC membrane showed the lowest thickness. The casting knife was set at 0.35 mm but the solvent was evaporated from the membrane surface, resulting in the ruptured structure of the membrane. Similar observations have also been reported by Mod et al. (2016) . WATER FLUX Water flux is the most important test to analyze the ability of water to permeate through the membrane. Figure 6 presents the graph of water flux for ENR/PVC/MCC with different loadings. Based on the graphs, it shows that the water flux increased as the pressure increased. ENR/PVC/0% MCC membrane does not record any water flux due to the absent of through pores formed on the membrane cross section as can be seen from Figure 4 (e). The highest water flux was recorded by ENR/PVC/10% MCC membrane. The increase in permeability of composite membrane might be attributed to the presence of microvoids (Kou et al. 2013 ). This statement is supported by SEM micrograph that shows uniform micropores distribution on the composite membrane. ENR/PVC/15% MCC membrane showed the lowest flux. This is due to the agglomeration of MCC in the matrix. The uneven distribution of MCC on the membrane surface due to agglomeration had decreased the flux value as also shown by Figure 4(d) . The phenomenon is in agreement with the study done by Rabiee et al. (2015) where the addition of filler that exceeds a certain value had decreased the water permeability due to the filler agglomeration. It was discovered that there were big pores on the membrane surface but in the cross section ( Figure  4(h) ), the big pores seemed to be a closed pore. The big pores on the membrane was developed as some of the agglomerated MCC leached out from the membrane during the phase inversion process (Nor & Othaman 2015) . According to Ong et al. (2015) , even though many pores appeared on the surface of the membrane with higher filler compositions, the agglomerated fillers did not produce through pores that resulted in lower water flux.
The highest water flux was recorded by ENR/PVC/10% MCC membrane. The performance of the membrane was compared with the commercial membranes such as polyethylene (PE), cellulose acetate (CA), cellulose nitrate (NC) and polytetrafluoroethylene (PTFE) membrane. The performance of water flux for each membrane at 5 bar pressure is shown in Table 3 . Based on the table, the flux of ENR/PVC/10% MCC membrane was seen to be lowered than CA, NC and PE membranes but higher than PTFE membrane. This might be attributed to the pore size on the cross section that is smaller than the pore size on the membrane surface. Comparing to the commercial porous membranes, the prepared membranes turned out to be a dense membrane by adding the ENR while MCC as a filler, enhancer and pore former (Zahari 2017 Table 2 shows that the water absorption and porosity of the membranes increased when the filler loading increased. The addition of MCC into the ENR/PVC matrix caused this membrane to be more hydrophilic and absorbing more water due to the capillary effect (Alomayri et al. 2014) . Zhang et al. (2016) stated that the hydrophilic character of cellulose is responsible for the water absorption in the composites and therefore higher content of filler leads to a higher amount of water absorbed. Besides, the water absorption and membrane porosity increased due to the presence of highly distributed pores in the membranes that can be proven from the SEM micrograph. Kahar and Idris (2012) reported the similar findings as the composites absorbed more water when the weight percentage of the rice husk increased. Based on the discussion earlier, the formation of pores in the membrane increased as the MCC filler increased. For ENR/PVC/15% MCC membrane, the water absorption and porosity were the lowest compared to the other MCC added membranes. It might be due to uneven pore formation and distribution that reduced the water absorption from the surface of the membrane as the result of MCC agglomeration, similar to the findings by Zhang et al. (2017) . According to Sreekala et al. (2008) , as the amount of cellulose nanofibers content increases there is an increased in the number of hydroxyl groups. The number of hydroxyl group is directly proportional with the hydrogen bonding between water molecules in the composite, hence explaining the increased water uptake. At higher level of fiber loadings, the strength of the hydrogen bond formed between the matrix phase and the fiber phase increased. This might be the reason for the lower water diffusion at higher cellulose nanofiber loadings. Figure 7 , the obtained result showed that POME flux increased with time. ENR/PVC/10% MCC membrane was selected to be employed for POME treatment due to highest water flux and highly pore distribution on the membrane. The higher permeability of POME was achieved up to 3.44 Lm -2 h -1 at 8 bar which took a longer period of time to filter due to high contents of organic matter and suspended solid in POME. Madaeni et al. (2013) stated that the material deposited on the membrane surface or within the membrane pores controls the flux. Based on the graph, it can be concluded that the membrane was still not in fouling state due to the increase of POME permeability within 6 h of filtration. Therefore, this membrane could be reused for second and third filtration. During filtration, the organic molecules and suspended solid were trapped on the membrane surface so that it could not pass through the pores on the membrane. Wang et al. (2006) reported the similar observation. Subsequently, the BOD, COD and TSS of treated POME would be reduced.
The level of COD, BOD, TSS and pH for raw and treated POME has been analyzed from first filtration cycle until third filtration cycle. A study by Ahmad et al. (2006) reported that the removal of organic matter is required because it is a precursor to the formation of disinfection by-products when water is disinfected. After first filtration, the ENR/ PVC/10% MCC membrane had successfully reduced the COD, BOD, and TSS level by 99.9%, 70.3%, and 16.9%, respectively, as shown in Table 4 . The parameters are within the requirement of DOE (MPOB 2014) . The pH level of raw and treated POME was still maintained in basic condition. Ordonez et al. (2012) reported that the ability of suspended solid or organic substance to penetrate through the membrane is dependent on the size of pores formed in the membrane. However, the prepared membrane was able to compete with commercial membranes due to the good rejection of POME in terms of COD, BOD and TSS level (Table 5) .
CONCLUSION
Epoxidized natural rubber/polyvinyl chloride/ microcrystalline cellulose (ENR/PVC/MCC) composite membrane with different MCC loadings has been succesfully prepared. The addition of MCC into ENR/PVC composite increased the hydroxyl group on the membranes. From SEM micrograph, it was found that the addition of MCC into the matrix caused the formation of pores on the membrane. The pores formation was increased with the increasing of MCC percentage. However, the addition FIGURE 6. Water flux of the membrane with various filler loading FIGURE 7. Permeability of POME through ENR/PVC/10% MCC membrane Zahari (2017) 
